Patch Clamp, Ion Channels, Planar Lipid Bilayer, Single C hannel Statistics, M icroprocessor D ata evaluation of single channel currents obtained from artificial black lipid m em branes and with the patch clamp m ethod is an im portant part of every single channel study, but it is a time consuming part often exceeding the time for experim entation and recording by far.
Introduction
Data evaluation of single channel currents ob tained from artificial black lipid m em branes and with the patch-clamp method is an im portant part of every single channel study, but it is a time consuming part often exceeding the time for experim entation and recording by far.
An attractive alternative to manual single channel analysis is the evaluation of data using m inicom put ers. This alternative is quite expensive as it involves the use of sophisticated hard-and special purpose software and is time consuming as well, due to fre quent user interaction. We describe here a m icro processor based device, which allows the experim en tator to analyse the distribution of current levels in a single channel trace (amplitude histogram analysis of single channel currents), either online, or offline, when the single channel trace is replayed from a FMtape or a modified videotape-recorder [1] , Current levels are sampled at a constant frequency of 6 kHz and the relative frequencies of occurrence of these current levels are displayed as a histogram on the screen of an analog or digital storage oscillo scope, as the signal is fed into the analyser.
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Description of the electronic circuit and the program
The main purpose of the described instrument is to reduce the huge am ount of input data (ca. 20 Mbytes/ h) by employing an algorithm which produces an am plitude histogram of the currents and shows the graph on the screen of an oscilloscope as the analysis is running. The analyser was realized using the micro processor based circuit shown in Fig. 1 . 
Data evaluation and discussion
Two examples of analysis of single channel records are given: First the analysis of a voltage-gated cationchannel recorded with the patch-clamp method [2] from rat cardiac ventricular cells is shown. The sec ond example is the blockage of a potassium-channel [3, 4] from the same preparation with tetraethylam moniumchloride (TEA).
Voltage-gated cation-channel
A dult, calcium-stable cardiac myocytes from rat ventricular tissue were prepared as described by Piper et al. [5] . A small glass pipette (open-tipdiam eter 0.1 to 1 ^m) was pressed against the cell m em brane, then gentle suction was applied to obtain a high gigaohm-seal between glass pipette and cell m em brane [2] , The small membrane patch under the opening of the glass pipette was isolated from the cell according to the excised patch technique [6] , the out side of the cell m embrane faced the extracellular medium (outside-out mem brane patch).
The extracellular medium contained (in mM): NaCl 131, KC1 4, CaCl2 0.5, MgCl2 2 and Hepes 10, buffered with NaOH to pH = 7.4.
The electrolyte solution in the pipettes interior simulating the intracellular medium contained (in mM): NaCl 7, KC1 128, CaCl, 0.5, MgCl, 2 and Hepes 10 buffered with K OH to pH = 7.4.
U nder these recording conditions several potas sium-selective ion-channels and a strongly potentialdependent cation-selective channel, which did not discriminate between sodium and potassium-ions could be observed.
An ionic channel from cardiac cells with similar perm eability features was first observed by Colquhoun et al. [7] . Recordings from experiments where the small m em brane patch contained only this one type of channel were selected for subsequent analysis (left side of Fig. 3) .
Steady-state single channel recordings at three dif ferent potentials ( -70, -50 and -30 mV) were fed to the input of the amplitude histogram analyser (1 min for each record). The resulting amplitude histograms are shown on the right side of Fig. 3 not be detected in the amplitude histogram, they could be seen at 10-fold magnification of the y-axis at -50 mV and were pronounced at -30 mV.
In addition, the single channel conductance can be calculated with much higher accuracy from the am plitude histograms than from single channel openings and the mean current flowing through the channel within the observed time interval can be calculated (see below).
Blockage o f a voltage-dependent potassium channel by internally applied TEA
Excised mem brane patches were made from the same preparation but in this case the side of the m em brane normally facing the cell interior faced the extracellular medium. The pipette was filled with the same extracellular solution and contained (in mM): NaCl 131, KC1 4, CaCl2 0.5, MgCl2 2 and H epes 10 buffered with N aO H to pH = 7.4.
W hen the voltage-dependent potassium channel was present in a given patch under these recording conditions, only small single channel currents could be observed (not shown). When only this type of single channel activity was present in a given patch, the extracellular medium in the perfusion chamber was exchanged for a medium with higher potassiumconcentrations, the composition of which (in mM) was as follows: NaCl 7, KC1 128, CaCl2 0.5, MgCl2 2 and H epes 10 buffered with KOH to pH = 7.4.
A fter perfusion pronounced current steps resulting from the opening and closing of several of these channels could be observed (upper left part of Fig.  4 a) . Steady-state single channel currents at three different potentials (0, +25 and +50 mV) were re corded (1 min for every given potential). Then the electrolyte solution in the perfusion chamber was replaced with the same solution plus 10 mM TEA . A fter this procedure the single channel activity de creased markedly (lower left part of Fig. 4a ). Again, single channel activity was recorded for 1 min for every potential. When the electrolyte solution was again replaced with the potassium-rich medium but without T E A , a washout of the effect was possible (not shown). Amplitude histograms of the recorded single channel traces were produced and showed clearly the blockage of this type of potassium-channel by internally applied T E A (right part of Fig. 4a ). The mean current produced by the potassiumchannels during the observed time interval was calcu lated according to the equation /[pA] = 2 /(i) x /( i) , where / represents the total calculated average cur rent produced by single channel activity; i(i) is the current level of an observed conducting state of the channel in pA and / ( i) is the relative frequency of occurrence ol the given conductance level.
The mean currents produced by the given m em brane patch with and without TEA blockage at different potentials are shown in Fig. 4b .
With these examples, we have shown that quan titative evaluation of single channel records is possi ble with this simply constructed, inexpensive m icro processor based device, which obviously will also be useful for evaluation of single channel records ob tained from rram -m em brane channels reconstituted into artificial planar lipid bilayers [8, 9] . 
